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Abstract o f  Thesis  Submitted to the Senate o f  Univers iti 
Pertanian Malaysia in Ful f i l lment of the Requirements 
for the Degree of Master of S c ience . 
THE EFFECTS OF DIFFERENT AERATION RATES 
IN THE LARVAL REARING OF SOME CYPRINIDAE SPECIES 
by 
Shigeharu Senoo 
July 1 9 9 2  
Chairman Professor Dr . Ang Kok Jee 
Faculty F isheries and Marine Sc ience 
A study was undertaken to develop an appropriate technology 
of f ish seed product ion in the tropics in order to overcome the 
c o n s t ant wat e r  s c ar c ity and i t s  h i gh operat i o n a l  c o s t . 
Accordingly ,  three experiments were carried out at the Fish 
H at c h e r y  U n i t , F a c u lty o f  F i s he r i e s  and Mar ine S c i e n c e , 
Universiti Pertanian Malays ia to determine the optimum aerat ion 
rate and stocking density for fish larval rearing . 
I n  the f irst experiment , one hundred larvae o f  Puntius 
gon ionotu s ,  Cyprinus carpio , and Caras s iu s  auratus were reared 
for 20 days respect ively in tanks with four different aerat ion 
rates ; 0, 50, 500, and 5,000 mL /min . From the results o f  the 
xiv 
f irst experiment , the aeration rates of 0 and 5 0  mL/min,  5 0  and 
5 0 0  mL/min , and 50 mL/min were found to be the opt imum rates 
for the larval rearing o f  Punt ius gonionotu s ,  Cyprinus carpio , 
and Carassius auratus respect ively . In the s econd experiment , 
f ive types o f  air dif fusers ( cotton , art i f icial sponge , wood , 
and long and short factory made air stone s ) were tested to 
choose the suitable air diffuser for the third experiment . The 
factory made small airstone was chosen because of its e ffect ive 
oxygen supply , easy handling , uniform aerat ion bubbles , and low 
cost . Taking the results of above experiment s ,  the third 
experiment was planned and conducted to determine the e f fects 
of different aeration rates and stocking densities on the 
larval rearing of Cypr inus carpio . The larvae were reared in 
tanks for 20 days exposed to 0 ,  2 5 ,  2 5 0 ,  sao , 1 , 5 0 0 , 3 , 0 0 0  
mL/min , and 5 00 mL/min + WE + TC with the stocking densities o f  
1 ,  2 ,  and 4 f ish/L . The 5 0 0  mL/min + WE + T C  was treated with 
water exchange (WE ) and tank c leaning (TC ) . The aeration rate 
of 2 5 0  mL/min with the stocking dens ity of 4 f ish/L was found 
to be the most suitable for the l arval rearing of Cypr inus 
carpio . Water exchange and tank cleaning were not neces s ary for 
the larval rearing of Cyprinus carpio us ing this system . 
xv 
Abstrak tesis dikemukakan kepada Senat Univers it i  Pertanian 
Malaysia sebagai memenuhi sebahagian daripada syarat-syar at 
untuk mendapatkan I jazah Master S ains . 
KESAN-KESAN DARIPADA KADAR PENGUDARAAN YANG BERBEZA DALAM 
PEMELIHARAAN LARVA BEBERAPA JENIS SPESIS CYPRINIDAE 
oleh 
Shigeharu Senoo 
Julai 1 9 9 2  
Pengerus i  Profesor Dr. Ang Kok Jee 
F akulti Perikanan dan Sains Samudera 
satu kajian telah dijalankan bagi mencari teknologi yang 
sesuai di dalam pengeluaran benih-benih ikan di kawas an tropika 
untuk mengatasi masalah kekurangan air yang selalu berlaku d i  
s amp ing ko s ny a  y a n g  t inggi . Ber hubung dengan i t u , t i g a  
eksperimen telah dijal ankan d i  Unit Penetasan I kan , Fakulti  
Perikanan dan Sains S amudera , Univers it i  Pertanian Mal ay s ia 
untuk menentukan kadar pengudaraan dan kepadatan yang optimum 
d i  dalam pemel iharaan larva . 
D a l am eksperimen pertama , s er at u s  l a r v a  Punt i u s  
gon ionotus ,  Cyprinus carpio dan Caras s ius auratus diternak 
selama 20 hari dengan 0, 50, 500 dan 5000 mL/min pengudaraan di 
xvi 
dalam t angki masing-masing . Keputusan yang didapati daripada 
kaj ian di atas ialah , kadar-kadar pengudaraan a dan 50 mL/min , 
5 0  dan 5 0 0  mL/min dan 5omL/min masing-mas ing merupakan kadar 
yang optimum untuk Puntius gonionotus ,  Cyprinus carpio , dan 
Car as s iu s  auratus .  Dalam eksperimen kedua pul a ,  l ima j enis 
penyebar udara ( kapas , span tiruan , kayu dan batu udara j enis 
pan j ang dan pendek)  telah diu j i  bagi memil ih penyebar yang 
pal ing sesuai untuk eksperimen ket iga . Batu udara kecil telah 
dipil ih kerana bekalan oks igen yang e f e�tif , mudah dij aga,  
buih-buih seragam dan murah. Mengikut keputusan daripada 
eksperimen di atas , eksperimen ket iga telah dirancang dan 
dij al ankan untuk menentukan kesan-kesan kadar pengudaraan yang 
berbeza dan kepadatan yang sesuai dalam pemel iharaan larva 
Cyprinu s carpio . Larva dipel ihara dalam tangki-tangki 0 ,  2 5 ,  
2 5 0 ,  5 0 0 ,  1 , 5 00 ,  3 , 00 0  mL/min , dan 5 00 mL/min + WE + TC dengan 
kepadatan 1, 2 ,  dan 4 ekor/L . Untuk tangki 5 00 mL/m + WE + TC , 
penukaran air dan pembersihan tangki selalu dilakukan . Kadar 
pengudaraan 2 5 0  mL/min dengan 4 ekor/L didapati paling sesuai 
untuk l arva Cyprinus carpio . Penukaran air dan pembers ihan 
t angki t idak perlu untuk pembiakan larva Cyprinus carpio dengan 
sistem ini . 
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CHAPTER I 
INTRODUCTION 
Many gove rnme nt s in t h e  t r op i c a l  r e g i o n  empha s i z e 
development and expansion of aquaculture in their planning . 
Their main obj ectives are to produce suff icient protein to the 
popul at ion , increase income for fishermen and farmers , and 
extend the export market for foreign exchange earning ( OFCF , 
1 9 8 0 ; Souma , 1 9 8 6 ; Masuda , 1 98 6 ;  Ang , 1 9 9 0 ;  Chua and Tec h ,  
1 9 9 0 ; P i l l ay ,  1 9 90 ) . Most of the countries in the region 
are developing countries and some o f  these are least-
developed countries ( IDJC , 1987 ) . Therefore , the technology 
for the development of aquaculture should be acceptable and 
compat ibl e  with their financ ial resource s ,  level and state o f  
experienc e . 
I n  g e n e r a l , t h e  t e chnol o g y  in t h e  various  f i e l d s  o f  
aquaculture are available in the tropical region . Some o f  
these are integrated agriculture-aquaculture f arming system 
( Delmendo , 198 0 ;  Tan and Khoo , 1980; FAO, 1986 ) , monosex 
culture in some Sarotherodon species ( FAO , 19 8 1 ;  1 9 8 6; Yata and 
Miyashit a ,  198 8 ) , and induced spawning technique by hormone 
inj e ct ion for some species ( Lee and Wade , 1 9 7 3 ; Woynarovi ch 
and Horvath , 1 9 8 0 ;  Thalathiah e t  al . ,  1988 ; Pathmasothy and 
Lim ,  1 9 8 8 ; Takashima, 1989 ) . However , the aquacu lture industry 
1 
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still  f aces a lot of problems . The mai n  problems are the 
shortage of seeds,  availabil ity of proper feeds ,  d isease , and 
aquatic pollution ( Ang , 1 9 9 0 ;  Tripathi , 1 9 9 0 ;  Watanabe and 
Nomura , 1 9 9 0 ) . 
One of the main problems in f ish seed production is in the 
use of appropriate technology for a spe c i f i c  situat ion for a 
particu l ar country or region . Therefore , there is an urgent 
n e e d  t o  deve l op an appropr iate t e chno l ogy o f  f i sh se e d  
product ion for a n  accelerated development and expansion of 
aquaculture in the tropical region . At present , there are 
v ar ious methods o f  f i sh seed produ c t i o n  i n  p r a c t i c e  i n  
dif ferent countries. They may b e  in the form o f  extensive ,  
semi-intensive , and intensive methods . The adaptation o f  a 
part icular f ish seed production method is b ased on the spec ies 
of f ish to be cultured, locat ion , water qual ity parameters, 
social and economic considerations. 
Some Sarotherodon species and Cyprinus carpio are produced 
by the extensive method in Malaysia and some African countries 
(FAC, 1981; Souma, 1986 ) . In the case o f  Sarotherodon, a 
mouth-brooder, the brood fish are stocked i n  a pond and then 
the parents spawn and take care of the l arvae ( Hepher and 
Pruginin ,  1981 ; Yata and Miyashita ,  1 9 88 ) . The seeds are 
produced naturally and easily , but this method is only useful 
for a few spec ies in extensive f ish culture in ponds . The 
mortality of larvae is high during the larval and nursery 
stages in this method . 
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The seed production of Punt ius gonionotus, Labeo rohit a ,  
and Cypr inus carpio in Malaysia and Thail and and Cypr inus 
c arpio and Carassius auratus in Japan are carried out using 
semi-intensive seed production method (Matsu i ,  19 6 3 ; I nab a ,  
19 7 6 a ;  Ahmad e t  al . ,  19 7 7 ; Mal aysia,  Kementerian Pertanian 
D an Pembangunan Luarbandar , 19 87 ; Thailand , Department o f  
F isheries, 19 88 ) .  The artific ially collected eggs are hatched 
in the hatchery and the larvae are released into ponds with 
adequate pl ankton growth (Nose et al . ,  19 7 3 ) .  However , in this 
p r o du ct io n  metho d , some pre l iminary st eps suc h  as t he 
el iminat ion of predators ( fish and insects )  and proper pond 
fert i l izat ion to increase . plankton production should be done 
before the release of the larvae ( Inaba,  19 7 6 a ;  Hepher and 
Pruginin, 19 8 1 ) . However , the eradication of predators from 
ponds are dif ficult . In the tropical region, predatory insects 
migrate into ponds all the year round . It is also difficult to 
completely eradicate predatory f ish from earthen ponds . Thus 
one may encounter high mortality during the larval and nursery 
stages . 
I n  the intensive seed production method , there are various 
techniques of larval rearing in use depending on fish spec ies . 
According to Inaba ( 19 7 6b ) , the intensive seed production o f  
Salmo gairdnerii irideus is conducted by continuous running 
water system . For example ,  to rear 10 , 000 larvae for a period 
of 2 0  days , it requires 20 to 30 metric tonnes of fresh water 
4 
per day , indicating the l arge volume o f  water required for such 
a method . 
I n  Japan , the seeds of Pagrus major are effectively 
produced by intensive method ( Watanabe and Nomura , 1 9 9 0 ) . The 
technique has been developed and become more sophisti cated in 
the l ast two decades ( Keitoku , 1 9 8 7 ) . The l arval rearing began 
in a stat ic water system and then shifted to a water exchange 
system and later to a running water system . The bottom o f  the 
rear ing t ank is cleaned daily by using a siphon or a mechanical 
water pump . Using this technique , Keitoku ( 19 8 7 ) was able to 
produce about 9 , 600 o f  Pagrus major seeds per metric tonne of 
water . Although the product ion was very high , this technique is 
not recommended for developing countries because of its high 
c apital investment and operat ional cost . 
When we consider f ish seed product ion in the tropical 
region or developing countries, the maj or constraint fac ing 
any f ish hatchery is water supply . The problem in water supply 
may be in the form of : 
( 1 )  Water shortage dur ing the dry season as in Zambia 
( Zambia,  Department of Fisheries, 19 83 ; 1 9 8 5 ) . 
( 2 )  D i f f icu lty of water intake in the monsoon season as in 
some South East Asian countries . 
( 3 )  W at e r  f rom many r ivers , dams , and ponds i s  o f t e n  
unsu itab le for larval rearing due t o  pol lution such as 
their water may be muddy or silty . 
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( 4 )  High cost o f  construction and mainte nance o f  water supply 
system ( Zambia, Department of Fisheries, 1 9 83;  1 9 85). 
These prob lems are fairly common in hatcheries not only in 
Zambia and Malaysia but also in Japan . Thu s , it is necessary to 
find an appropriate and simple technology to produce as many 
fish seeds as possible by using the least amount o f  water 
to reduce operational cost . 
The main purpose of adequate water supply to rearing tanks 
in hatcheries is to improve the water quality especially 
to increase dis solved oxygen in water ( Sano , 1988 ; 1 9 89 ) . 
The installation of an aeration system to the hatchery can 
so lve this problem and increase the dis solved oxygen in water . 
When aeration system is compared with water supply system, the 
f acilities of aeration system c an be constructed much cheaper 
than that of water supply system . Air is not a limiting f actor 
at all  and is available anywhere . 
The various aeration methods are important techniques in 
f i sh culture and fish seed production . Fish culturist s should 
aim to produce fish seed u sing an efficient and economical 
production system . Therefore, it is imperative that they make 
a proper design to inc lude appropriate aeration system to suit 
local condition in their fish seed production operation . 
However ,  installation and operation o f  aeration system in 
many h atcheries appear t o  b e  done v e r y  care l e s s ly and 
unsatis f actorily . A lot of drawbacks in aeration system in 
6 
several hatcheries in Malaysia were observed ( Senoo , personal 
observa t i o n ) .  S ome o f  these prob l ems are l a c k  o f  a ir 
regu lators and air diffusers , air leakage from the d istr ibut ing 
pipes and j oints,  and improper design of the aerat ion system .  
Therefore , the role and importance of aerat ion system in 
hatcheries should be reconsidered and studied in l arval 
rearing for fish seed product ion . 
study the roles of aeration in 
There is an urgent need to 
f ish larval rearing since 
informat ion on this is lacking though it is widely used by 
hatchery operators . For example there is no quant ificat ion on 
the opt imum rate of aeration, density related or physical 
e ffects o f  aerat ion on fish larvae themselves . I n  many hatchery 
manuals and publ icat ions ( Jhingran and Pul l in ,  1 9 8 5 ;  N I CA ,  
1 9 8 6 ;  Yamasaki et al . , 199 1 ) , though installat ion o f  aerat ion 
system has been given emphasis but no detailed informat ion on 
the rates, capacity and effect of aeration on larval rearing 
are available . 
The important considerations in the design o f  f ish seed 
production system in tropical regions are the simplification of 
d e s i g n  and operat ion , low running cost , and c o ns i s t e nt 
product ion . 
undertaken . 
Therefore , a study to achieve these goals was 
7 
General Objective 
The general obj ective of this study is to f ind a s imple 
and consistent production system to produce as many seeds as 
p o s s ib l e  u s in g  l e ast amount of wat e r . 
obj ect ive , three experiments were conducted . 
To a ch i e ve t h i s  
I n  the f irst experiment , the larvae o f  Punt ius gonionotus , 
Cyprinus carpio , and Carassius auratus were reared in tanks 
with different aeration rates in order 
e ffects on the larvae . The prel iminary 
to determine their 
results obtained f rom 
this study were utilized to des ign the subsequent experiment s . 
Punt ius gonionotus ( Lampam Jawa ) and Cyprinus c arpio ( Le e  
Koh ) are popular freshwater f ishes i n  Malaysi a .  The total 
produ c t i o n  of Punt i u s  gonionot u s and Cypr inu s c arpi o i n  
Malaysia were 7 4 6 . 3 3 and 143 . 3 6 metric tonnes respectively in 
1 9 8 7  constituting about 2 7 . 3 % and 5 . 0% of total production o f  
f r e s h  water f i s h e s  re spect ive ly ( Ma l ay s i a ,  Department o f  
F isheries , 1 9 87 ) .  Carassius auratus ( gold fish)  i s  a popul ar 
aquarium fish.  Recently,  Carassiu s  auratus culture has become 
popular in Malaysia . Some fish farmers in the state of Johor , 
Malaysia are produc ing Carass iu s  auratus on big s cale and 
export ing them to the United states of America . 
The second experiment was c arried out to determine the 
su itabil ity and economic feasibil ity of the hand made and 
factory made air diffusers which were to be used in the third 
